Di-or oligonuclear transition-meial complexes with n-conjugated bridges are gaining considerable attention due to their versatile structural, ehemical, and physicochemical properties. Organometallic push -pull systems with linear eonjugated n -spacers have been proposed as a new class of one-dimensional wires l and exhibit both liquid crystalline 2 and NLO properties. 3 The electronic communication in polynuclear systems 4 is of particular interest, as it can be regarded as a mode l for a variety of comparable processes in biological systems s as weil as in photonic 6 and electronic devices. 7 The properties of such complexes are detennined by the usually redox-active terminal end groups and the type and length of the spacers. Most of the relevant work in this field relates to the investigation of mOl1o-and polynuclear metal acetylides containing terminating orga-(2) (a) Hudson, S. A. ; Maitlis, P. M.
FeCp), 4-C6H4-C=CFc, 4-C6H4-C=CC6H4C=CFc). The analogous replacement reaction ofthe 6-bromosubstituted chromium complex with HC=CFc yields the corresponding 6-ferrocenylalkynyl-substituted form a trinuclear complex. The ferrocenyl unit in [(CO)sCr=C=C=C(CH)zC(C=CR)CHNEt] (R = Fe, C6H4C=CFe, C 6 H4C=CC 6 H 4 C=CFe) is readily oxidized. Spectroeleetrochemical studies (IR, UV/vis) eonfirm that in the oxidized fonn there is strong electronic communieation of the ferroeenyl group with the (CO)sCr unit.
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Sehe mc 1 (A) (B') (8") In contrast, there have only been a few reports on electrochemical studies involving allenylidene complexes. 14 These investigations reveal that the site of oxidation is the metal center, thus increasing its acceptor properties. This leads to an enhanced alkynyl character of the cumulenylidene ligand (R' and B", Scheme 1). Conversely, reduction mainly involves the allenylidene ligand, giving rise to an increased contribution of the cumulene-like resonance fOtm to the overall bond description (A, Scheme I).
This agrees weil with the results of quantum chemical investigations. 15 These studies indicate that the HOMO is mainly localized at the meta I center and the LUMO is delocalized with in the carbon-rich ligand. One-electron reduction of[CI(dppehRu= C=C=CR2)PF6 (R = Ph, Me) was observed to provide radical species with the unpaired electron localized on the cumulene moiety.1 4i Attaching an electroactive species such as a ferrocenyl unit to the terminal (sp2-hybridized) carbon atom of the allenylidene ligand or to the central meta I provides additional oppOttunities for influencing the electronic properties of the cumulene moiety.14g,h
We recently repOtted on a convenient one-pot synthesis of .n:-donor-substituted allenylidene complexes by reaction of readily available metal precursors with appropriate alkynes as the C 3 source. t6 The versatile chemistry of allenylidene complexes allows for the transformation of metallacumulenes into various other complexes such as heterocyclic carbene complexes. 17 We now report on (a) the introduction of redox-active substituents or ligands into .n:-donor-substituted allenylidene complexes, (b) the synthesis of bi-or trinuclear allenylidene (14) CI1elll. 1983, 22,59. (b) Bruce, M.1. Chem. /lev. 1991 ,9 1, 197 . (c) Doherty, S.; Corrigan, J. F.; Carty, A. J.; Sappa, E. Adv. OtgmlOmet. Chem. 1995, 37, 39. (d) Wemer, H . .1. Chem. Svc., Chem. Commlll7. 1997,903 . (e) Bmce, M. I. (,hem. /lev. 1998 M. I. (,hem. /lev. , 98, 2797 Dixneuf, P. H. Cvord. Chem. /lev. 1998, 178-180, 409. (g) Chem. l?ev. 2004 Chem. l?ev. , 248, 1585 (j) Cadiemo, V.; Gamasa, M. P.; Gimeno, 1. Coord. ('hel11. Hev. Z004, 2-18, 1627. (k) Fi scher, H. ; Szesni, N. C(lord. Chem. lIev 2004 , 2-18, 1659 .
complexes containing different metal entities and various n-spacers, (c) the synthesis of a linear homobinuclear bis-(allenylidene) complex by oxidative coupling of an ethynylsubstituted allenylidene complex, and (d) the spectroelectrochemical properties of some of these complexes.
Results al\(l Discussion
Synthcsis 01' N-Heteroeyclic Allcnylidene Complcxcs 1-4. The new allenylidene complexes I. -4 were prepared by following the synthetic protocol repol1ed recently.16 Reaction of the THF complexes [(CO)sM(THF») (M = Cr, W) with deprotonated 2-ethynylpyridines (2-ethinylquinoline) gave alkynylmetalates by displacement ofthe coordinated THF molecule. These alkynyl complexes were not isolated but were immediately alkylated with oxonium salts, R30[BF4) (R = Me, Et), After chromatography, the complexes I,a,b and 2a,b (Scheme 2) were obtained as deep violet solids in 68-80% yield. The corresponding bromo-functionalized complexes 3a,b and 4a,b (Scheme 3) were obtained as red solids in only moderate yields of 16-36%. In addition, the allenylidene complexes 5a,b 16 were isolated in low yields «20%) as byproducts in the synthesis of 3a,b and 4a,b. The formation of 5a,b is readily explained by further lithiation of the lithium alkynyl precursor and subsequent protonation on silica. By deprotonation of 5-bromo-2-ethynylpyridine and 6-bromo-2-ethynylpyridine at -100°C instead of at -78°C, the halide/ metal exchange could be minimized and the bromo-functionalized allenylidene complexes 3a,b and 4a,b were obtained in 20-47% yield (isolated yield of 5a,b < 5%).
Coupling of3 and 4 with Terminal Alkyncs. When 3a was treated with an excess of (trimethylsilyl)ethyne (10 equiv) in the presence of catalytic amounts of (PPh 3 hPdCb (0.05 equiv), CuI (0.1 equiv), and tri ethyl amine, complex 3a was smoothly transfonned into allenylidene complex 6a within about 30 min . Complex 6a was obtained, after chromatography, as a red solid R = TMS (6). nC,oH 2 , (7). Ph (8) ,
-o-C=C-Ph (9), -o-C=C-H (10) in nearly quantitative yield. Other alkynyl substituents such as dodecynyl, phenylethynyl, and 4-alkynyl-substituted phenylethynyl groups could be introduced into the 5-position of the heterocycle as weil. The corresponding mononuc1ear complexes 7a-IOa and 6b were obtained in good to excellent yields (Scheme 4) by following the same procedure. The yields and the reaction times required for a complete conversion strongly depl<nded on the excess of the tenninal alkyne. The reaction rates significantly increased with increasing excess 01' the alkyne. Conversely, increasing the temperature led to lower yields, due to decomposition of the product complexes. When (tri methylsilyl)ethyne was used, the amount of the catalyst could be reduced to 0.01 equiv without loss ofactivity. Thus, an extension ofthe unsaturated chain can easily be accomplished and various terminating groups can be introduced into allenylidene complexes. Ferrocene could likewise be attached to the terminating N-heterocyc1e of the allenylidene ligand through different unsaturated spacers by Pd/Cu-catalyzed coupling of 3a with appropriate alkynyl-functionalized ferrocenes (Scheme 4). The complexes 1I a-l3a were obtained in yields ranging from 45% (13a) to 73% (11a). In a pure form and under an inert atmosphere the complexes were stable at room temperature. However, under the conditions used in the synthesis of 6a-t3a, complex 13a slowly decomposed. Therefore, the reactions were stopped after 60 min to avoid excessive decomposition of the product, thus explaining the rather low yield.
The 3-ethynylferrocene-substituted complex 14a, analogous to l1a, was prepared similarly by Pd/Cu-catalyzed coupling of ethynylferrocene with complex 4a (Scheme 5).
Desilylation of complex 6a to give the ethynyl-terminated derivative 15a was achieved by treating solutions of 6a in methanol at 0 °C with KF, KOH, or K2C03 (Scheme 6). Complex ISa was obtained, after chromatography, as a red solid in nearly quantitative yield. When complex 15a was treated with a slight excess of copper(I1) acetate (1.2 equiv) in the presence of pyridine, the homobinuclear bis(allenylidene) complex 18a (Scheme 6) was fonned . Compound 18a was isolated after chromatography as violet oil in good yi eld. Helerobinuclear complexes were accessible by copper(l)-catalyzed coupling of 15a with [Cp(CO)2Ru -Br) and [Cp*(COhFe-Br). The heterobinuclear allenylidene-alkynyl complexes 16a and 17a (Scheme 6) were obtained in 58% and 38% yields, respectively.
Schcmc 5
The redox-active phosphine FcPh 2 P could be introduced into the metal -ligand moiety via photolytically induced substitution.
When 5a was irradiated in the presence of a slight excess of ferrocenyldiphenylphosphine, the deep violet allenylidene complex 19:1 was formed within about 2 h. Chromatography on silica afforded 19a as a violet solid in 62% yield (Scheme 7).
Finally, the reaction ofthe phenylethynyl-terminated complex 9a with a slight excess of octacarbonyldicobalt(O) at ambient temperature yielded (ca. 58%) the heterotrinuclear complex 20a as a brown-violet oil (Scheme 8), The addition ofthe CO 2 (CO)6 fragment 10 the terminal C-C tripIe bond as well as to the C a - Cß bond of the allenylidene ligand is conceivable, due to a considerable contribution of the zwitterionic alkynyl complex resonance forms B' and B" (see Scheme I) to the overall bonding description. However, the reaction is highly regioselective. Only the product of coordination to the terminal C-C bond has been observed. There is no indication for complexation ofthe Ca-Cß bond, When the unsubstituted complex 5:1 instead of 9a was treated with CO 2 (CO)8 employing the same reaction conditions, complex 5a rapidly decomposed. In contrast, in the absence of CO 2 (CO) (CO) vibrations and the v(CCC) absorption in allenylidene carbonyl complexes are sensitive probes for the electronic interaction of the terminal substituents with the carbonyl metal fragment. 16 ,17h,k, 18, 19 All allenylidene complexes exhibit spectroscopic features characteristic for Jl-donor-substituted allenylidene complexes. The absorptions are found at rather low energy and are comparable to those of amino(alkoxy)allenylidene complexes,16 indicating pronounced donor character of the ligand (see resonance forms B' and '11" in Scheme I), However, th e comparison of the vibrations of 3a, 4a, 6a-17a, and 20a with those ofunsubstituted 5a l6 (Table   I) suggests that neither substitution of the pyridyl ring of the allenylidene ligand nor elongation ofthe conjugated chain (Ila -12a -13a) strongly influences the electron distribution within the "(CO)sM=C=C=C" fragment. In contrast, replacing one CO ligand by a phosphine considerably reduces the importance of the zwitterionic iminium-alkynyl resonance forms Ir and B" relative l to that of the cumulene form A (Scheme I), as has already been observed. 20
The chemical shifts of the allenylidene carbon atoms of th e new complexes (Table I) 2077 ,1903 190.3 11 2.1 135.7 502 8a 2078 , 1931 192.6 112.9 135.8 516 9.. 2077 , 1931 192.9 113.1 135.9 522 lOa 2078 , 1931 193.2 116.5 135.8 522 lla 2077 ,1903 190.1 112.4 137.7 5 19 12" 2077 , 1931 pyridyl a11enylidene complexes 5a,h. 16 In comparison to the resonance of the Ca atom of nondonor-substituted a11enylidene complexes,21 that of3a -20a is found at significantly lower field. The substitution pattern of the pyridyl ring only slightly influences the I3C a11enylidene resonances, and this matches weil with our observations from IR spectroscopy. The UV Ivis spectra of the complexes 3a, 4a, and 6a-17a show an intense metal-to-ligand charge transfer (MLCT) absorption in the range 487 (16a)-524 nm (14a). The Am", values of 3a, 4a, and Ga-ISa are nea rly independent of the substitution pattern and of the elongation of the unsaturated chain, indicating significant interactions between the allenylidene chromophore and the substituents at the pyridyl ring. In comparison to the unsubstituted complex 5a, a11 absorptions are sh ifted to lower energy. As expected, the phosphine-substituted complex 19a absorbs at even lower energy, consistent with a rise in energy of the mostly metal-Iocalized HOMO.
The molecular structures of 2a and 19a were additionally established by X-ray structural analyses (Figures l and 2) . The structures exhibit a11 features usually observed with aminoa llenylidene complexes.16.17k.18.19.22 The Ca-Cß bond (C6 -C7 in 2a and C5-C6 in 19a) is rather short and corresponds to an elongated C-C tri pIe bond. Conversely, the Cß-Cy bond (21) 
34.2°). A comparison of the individual bond distances in 2a
with those in 5a indicates that the annulated ring reduces the n-donor properties of the terminal substituent. The conclusion is also suppOited by the IR data.
In 19a the P-Cr axis is nearly perpendicular to the allenylidene plane (torsion angle P(I)-Cr(I)-C(7)-N(I) = -78.3°), thus optimizing back-donation into the a11enylidene ligand. As expected, both Cr-COcis distances (Cr( I )-C( I) and Cr(l) -C(3» are shorter than the Cr-COt",ns bonds, Cr(l)-C(4) and C r( I )-C(2) being very sim il ar. Elcctl'ochemistry and Spcctroelcctl'ochcmistry of 1I a-13a a11(119a. The ferrocenyl unit in 1Ia-13a bonded to the terminal carbon atom of the chain is readily oxidized. The cycli c voltammograms of Ila -13a display in CH2Ch/[NBu4]PF6 a fully reversible one-electron wave in the range + 1.2/-1.0 V vs the saturated calomel electrode (SCE) ( Table 2 ). This redox process corresponds to the well-known ferrocene-centered oxidation and, as expected, indicates that the Fe(Ill) fonns are stable on the time scale of the voltammetric experiment.
It is immediately apparent that the carbon-rich alkynylallenylidene pentacarbonyl metal substituents are electron-withdrawing and make the oxidation of l1a-13a more difficult than (n = 1,0.595 V; n = 2, 0,536 V; n = 3, 0.494 V).25
A comparison ofthe redox potentials of compounds 11 a and 12a shows that the introduction of an ethynylbenzene spacer between the pyridyl-substituted allenyl idene entity and the redox-active ferrocenyl group slightly diminishes the electronwithdrawing effect of the chromium carbonyl building block on the iron center. However, introduction of a second ethynylbenzene fragment (12a -Ba) has only a negligible effect on the redox potential of the complex. It thus seems that the electron-withdrawing properties of the ethynylbenzene group compensate the electronic effects of the increasing separation of the push-pull groups.
In contrast to 11 a -13a, the cyclic voltammogram of 1911 displays two reversible one-electron waves (Table 2, Figure 3 ) and, in addition, an irreversible oxidation (at ca. 1.15 V) and reduction wave (not shown in Figure 3 ). The irreversible reduction is very likely due to reduction ofthe allenylidene unit. OFT calculations show that the LUMO of 1911 is predominantly localized within the allenylidene ligand. Studies on mono-and binuclear ruthenium allenylidene complexes l4b -i also indicate that reduction is ligand-centered. The first reversible oxidation wave (EO = 0.165 V) iS assigned to oxidation of essentially the chromium atom. At first glance, such an assignment seems rather unusual since (a) the first oxidation in Ila -Ba is ferro ce necentered and (b) the oxidation of pentacarbonyl carbene chromium eomplexes is usually observed at much higher potentiaJ.26 However, the assignment is supported by several observations.
(a) From calculations on 19a it follows that the HOMO is mostly localized on chromium.
(b) The corresponding ferrocene-free complex cis-[(COk (PPh 3 )Cr=C=C=C{ -N(Et)(CH)c}]likewise exhibits a oneelectron oxidation wave at 0.200 V in addition to a semireversible wave at 1.07 V.
( The second oxidation step observed for 19a is tentatively assigned to oxidation of the ferrocene system. The assignment is supported by the similarity of the oxidation potential to that of the ferrocene-centered oxidation of 11 a-13a and by the results of OFT calculations on) 9a+. These calculations indicate that the singly occupied highest orbital in 19a+ is localized on iron. However, and in contrast to these results, from the ESR spectra of 19a+ [PF6] it follows that 19a+ is a chromium-centered radical (see above). Analogously to )9a, two reversible oxidation waves were observed for the tetracarbonyl carbene phosphine chelate complex [(COhCr-PPhz{(C5 H4)Fe(C5H4CNMe2)}] (EO = 0.33 and 0.69 V). 29
On the basis ofthe chemical reversibility ofthe redox process at the platinum electrode, the 17-electron Fe(lII) complexes (27) [11 a-13a]+X-were viewed as a possible viable synthetie target. However, oxidation of 11 a with AgOTf at -80°C and precipitation of the salt [11 a ]+OTf-by addition of cold pentane did not allow the isolation of a pure product but led to the decomposition ofthe compound. Therefore, we decided to check the stability of the monocation by ESR spectroscopy. A THF solution of 11 a was treated with I equiv of AgOTf at -80°C and stirred for 10 min at this temperature before it was transferred into an ESR tube and frozen at liquid nitrogen temperature. An ESR spectrum run at 77 K displays a weakly anisotropie signal. Simulation of the experimental spectrum allowed the extraction of the tensor components for this axial pattern of gll = 2. 101 , gl. = 2.069, and giso = 2.079. No proton hyperfine coupling was resolved. After the first spectrum was recorded, the ESR tube was placed in a bath at -20°C for 30 min. Then another spectrum was run at 77 K und er the same conditions. The intensity ofthe signal was not perturbed by the storage ofthe solution at -20°C, indicating that the ESR-active species is stable in solution at this temperature.
It is well-known that for d S metallocenes the electronic ground state is very sensitive to the combination of the metal and the ligand orbitals. 3D In the case of ferrocenium the degenerate electronic configuration leads to a fast electronic relaxation; thus, ESR spectra can only be observed at very low temperature (~4 K) and the signal shows an axial pattern with a large anisotropy (gl I > 4 and gl. < 1.5).3 1 Thepresence of the highly polarized and extended n:-system Iinked to one of the C s rings of the ferrocenium produces a dramatie change in the ESR spectrum. The observation of a well-resolved signal at 77 K indicates that the radical [11 a]+ has a nondegenerate ground state. The weak anisotropy of the signal and the g iso value e10se to the freeelectron g value suggest that the carbon-rich fragment wh ich connects the two metal centers significantly contributes to the delocalization of the spin density. The low chemical stability of the radical cation is a probable consequence of its particular electronic structure. Note that the decomposition of pentacarbonyl complexes of chromium, molybdenum, and tungsten is usually initiated by M-CO dissociation.
The first oxidation process of the comp lexes 11 a, l2a, 14a, and 19a was additionally monitored by in situ IR and UV Ivis spectroscopy. A succession of spectra was recorded, either while the potential was held at the appropriate value or while the respective voltammetric wave was very slowly scanned. The oxidationlre-reduction cycle was accompanied by some decomposition, due to the relative instability ofthe radieal complexes. The spectroscopic yields ofthe respective starting complex after one complete oxidation/re-reduction cycle varied between 42 and 82% (Ila, 42%; l2a, 51%; 14a, 69%; 19a, 82%). With all compounds, oxidation of the allenylidene complexes causes a dramatie shift of the v(CCC) and v(CO) absorptions in the IR spectra. IR band positions of the neutral and oxidized species are given in Table 3 . As representative examples spectra accumulated during gradual oxidation (Figures 4a and 5a ) and re-reduction (Figures 4b and 5b ) of complexes l2a and 19a are depicted in Figures 4 and 5 . Upon iron-centered oxidation (see above) the absorptions of the pentacarbonyl chromium moiety shift toward higher energy. This hypsochromic shift is readi ly explained by a decrease in back-donation from chromium to the carbonyl ligands as a consequence of the reduced electron density at the metal. The (30) (a) Smart, J. C.; Robbins, J. L. 2077  1928  1903  2004  1515  11,,+  2113  2068  2028  1978  151 8  12a  2080  1930  1901  2002  1518  12:1+  2123  2075  2029  1970  1520  14a  2080  1928  1900  2010  1549  14,,+  2122  2070  2031  1971  1560  19"  2039  1895  1884  1851  1969 shift is unusually large (up to 100 cm-I) and implies considerab le charge delocalization from iron to chromium and strong electronie interaction ofthe ferrocenyl and the Cr (CO) On oxidation, the MLCT absorption in the UV/v is spectra of 11 a, 12a, 14a, and 19a shifts toward higher energy by 4600-6 1?0 cm-I (Table 4 ). The spectral changes accompanying the oXidation and re-reduct ion of complexl2a are shown in Figure  6 . The extent of the shift only slightly decreases on elongation of the chain (11 a -12a) and increases when the ferrocenyl- ethynyl substituent is moved from the 5-position ("para" to the CrC2 fragment) into the 6-position ("meta" to CrC2) (11a -14a). The large shifts observed again confirm the delocalization ofthe positive charge onto Cr(CO)s, thus considerably reducing the propenslty of the chromium-li gand fragment for backdonation. As expected, the influence of one-electron oxidation is most pronounced with 19a. One should note aga in that the first oxidation of 19a is assigned to (predominantly) the chromium center. NLO I'ropCI"tics of C OmlJlcxcs lla-13a. The cumulenylidene complexes 11 a-13a are polar push-pull systems and are expected to exhibit nonlinear optical properties. 34 Therefore, the complexes were subjected to hyper-Rayleigh scattering (HRS)35 studies, but as they absorb substantially in the area of 532 nm (i.e., T(2w) when the incident light has a wavelength of I(w) = 1064 nm), the stimulating laser light was shifted to 1500 nm. The experiments were carried out in CH2Ch as described (34) The first hyperpolarizability ß could only be obtained for the complexes 12a and 13a (Table 5) . Surprisingly, complex 11 a did not show any intensity in the HRS experiment. In contrast, related donor-substituted allenylidene complexes exhibit moder- .34 These results indicate that the extension ofthe n-system that is conjugated to the allenylidene chain seems to be less efficient than extension of the cumulenylidene carbon chain. The effect of extension of the n-system by a "C=CC6HC" unit (length ca. 6.9 A) is on the same order of magnitude as that exerted by insertion of a "C=C=" unit (length ca. 2.6 A) into the cumulenylidene chain.
Concluding Remarks
Pyridyl-and quinolinylallenylidene complexes are readi ly synthesized from pentacarbonyl tetrahydrofuran complexes by reaction with appropriate lith ium alkynyl compounds followed by alkylation ofthe resulting alkynylmetalate. Palladium/coppercatalyzed coupling ofbromo-functionalized pyridylallenylidene complexes offers access to a broad range of complexes with alkynyl functionalities in conjugation with the allenylidene carbon chain. Among others, organometallic end groups can easily be introduced, affording homo-as weil as heterobinuclear complexes. All spectroscopic data of the new complexes agree weil with those of comparable amino-substituted allenylidene complexes. These complexes are dipolar and are stable at room temperature, delocalization of the lone pair at nitrogen toward the pentacarbonylmetal fragment being a major stabilizing factor.
IR and UV/vis spectroscopic data reveal that in cationic binuclear complexes, obtained upon iron-centered one-electron oxidation of the ferrocenyl-terminated complexes, the positive charge is strongly delocalized, increasing the acceptor prope11ies ofthe chromium pentacarbonyl moiety. The effect ofthe charge transfer on Cr-CO back-bonding is unusually large, demonstrating that such bridging alkynyl-allenylidene ligands efficiently mediate electronic communication between the terminal metal centers.
The first hypolarizability ß ofthe a ll enylidene complexes with the most extended n-systems as measured by hyper-Rayleigh Chem. 2002 Chem. , 1677 scattering methods are in the region of cumulenylidene complexes with comparable chain lengths . The effect of the electrochemical manipulation on the NLO properties is currently under investigation.
Experimental Seetion
All operations were perfonned under an inert gas atmosphere (nitrogen 01' argon) using standard Schlenk techniques. Solvents were dried by distillation from CaH 2 (CH 2 Ch), LiAIH 4 (pentane) , and sodium (THF, EtzO). The silica gel used for chromatography (Baker, silica for flash chromatography) was argon-saturated and used without modifications. The reported yields refer to analytically pure compounds and are not optimized. IH, J3C, and 31p NMR spectra were recorded with Jeol JNX 400, Varian Inova 400, and Bruker AC 250 spectrometers at ambient temperature. Chemical shifts are relative to the residual solvent or tetramethylsilane peaks (lH, J3C) or 100% H 3 P0 4 (3IP) . IR spectra were recorded on a Biorad FTS 60 or a Perkin-Elmer Paragon 1000Pc. UV Ivis spectra were recorded on either a Hewlett-Packard 8453 diode array spectrophotometer or a Bruins Instruments Omega 10 spectrophotometer. MS measurements were carried out on a Finnigan MA T 312 instrument. Elemental analyses were carried out on a Heraeus CHN-O-Rapid instrument. X-band ESR spectra were recorded on a Bruker EMX-8/2 .7 spectrometer, and simulated spectra were I'rcpul'lltion of the COIllJllcxcs 1-4. A solution of 3. 1 mL of nBuLi (5 mmol, \.6 M in hexane) was added dropwise at -80°C (1,2) or at -100°C (3, 4) to a solution of5 mmol ofthe appropriate alkyne (2-ethynylquinoline for land 2; 5-bromo-2-ethynylpyridine for 4; 6-bromo-2-ethynylpyridine for 3) in 50 mL of dry THF. The solution was stirred for 20 min at this temperature. Then SO mL of a solution of [(CO)sM(THF)l (M = Cl', W; 0.1 M in THF) was added. The cooling bath was removed, and the brown solution was warmed to ambient temperature. After stirring for 30 min, the solvent was removed in vacuo. The remaining oily residue was dissolved in 50 mL of dry CHzCl z and treated with 5 mmol of R 3 0[BF 4 1 (R = Me, Et) at 0 "C and this mixture was stirred for a further 60 min at 0 °C. The resulting solution was filtered at -20 °c through a 5 cm layer of silica using CH z CI 2 as the eluent. The solvent was evaporated and the residue chromatographed at -20 °c on silica using mixtures of pentane and CHzCh as the eluent. 
